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Abstract
Structural design is one of many important aspects in mechanical engineering.
Newly discovered composites are making their way into the engineering world. These
materials have certain properties which need to be tested in several ways before they can
be put to application. One of such tests include the four-point bend test. The fixtures that
can be purchased currently can be expensive, typically ranging from $700-$1,000. The
University has been struggling to afford commercial jig at this cost and would be helpful
if one were available. The device consists of a 6061-aluminum base making it light,
cheap, and faster to manufacture than other alternatives. The base secures to the Instron
with pins, making it a quick process. The 4 contact points are made from A-36 steel
which can be easily assembled to the base with a socket head screw. The device was
thoroughly analyzed beforehand to withstand a maximum load of 1000 lbf, which easily
met that requirement. Upon project completion the device total cost totaled to $246, or
much cheaper than what is available for purchase. Testing will consist of assembling the
fixture and installing it onto the Instron. As well as performing a four-point bend test on a
known material such as aluminum to see the difference in percent error between actual
bending stress and experimental.
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1. Introduction
1.1 Description
The four-point bend fixture is a fixture that is made to test material flexural strength. It is
important in many engineering scenarios to understand behavior of materials under certain
conditions so that they are built for certain applications. The 4-point bend test is made to bend
the material and measure stress at the point of failure by measuring force vs deflection on an x-y
graph.
1.2 Motivation
This project was motivated by providing a 4-point flexure beam to Central Washington
University as the University needs one for their universal testing machine. The motivation also
comes from learning about 4-point bend interest in observing what occurs to different materials
when they are bent.
1.3 Function Statement
The device is needed to perform a 4-point bend test to test material bending strength and to
determine the modulus of elasticity for a material.
1.4 Requirements
The requirements and design of the project will follow ASTM standard for a 4-point jig. Along
with the following requirements
•
•
•
•
•

Each component weight under 10 pounds
Part assembly less than 20 pounds
Cost under $600
Size constraint within the Instron
Withstand 1000 pounds of force

1.5 Success Criteria
Perform the bend test and compare measured and calculated bending modulus to known value of
a specimen.
1.6 Scope of the Effort
Will include bottom 2-point fixture, upper 2-point fixture (4-point bend), and upper single point
support (3-point bend).
1.7 Benchmark
The three- and four-point bend fixtures already exist the problem is that they are very expensive,
So the benchmark would be to minimize the costs of the project. Most 3-4-point bend jigs can be
as much or more than $700, the goal is to keep it under $600.
1.8 Success of the Project
Success depends on the capability of measuring the flexural stress on universal tensile machine
and comparing the tested values.
6

2. Design and Analysis
2.1 Approach
The idea of the design was planned by examining ASTM standards of a 4-point jig in E855
(page). Initial idea of the design was also suggested by Dr. Johnson. To accommodate the
requirements, the assembled part of the bottom section of the 4-point bend must weigh under 20
pounds. In this case the base of the jig was determined would be best to be made of a light
material such as Aluminum. While the contact points of with the specimen will be made out of a
stronger material such as Steel. The jig will be able to perform the test on specimens measuring
2 in x 12 in. The 4-point jig will look something like this:

2.2 Benchmark
The benchmark for this project is to compare existing 4-point jigs on the market and reduce the
cost by around $100 dollars. The most important requirement is the jig must mount on to the
Instron machine. Therefore, precision is very important when designing the mount of the jig.
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2.3 Performance Predictions
The 4-point bend jig will secure onto the Instron. The bottom section of the jig will be the
heaviest and will have to meet the requirement of weighing under 20 lb., so it shouldn’t be a
problem to install.
2.4 Description of Analysis
Appendix A1:
Drawing Free Body Diagram of all forces acting on a specimen and finding shear and moment
diagrams of the specimen under the maximum load of 1000 pounds. This is repeated to find the
maximum moment possible, which would occur when the length between the top two supports is
at a minimum of 2 inches apart or 1 inch from the midpoint.
Vmax = 250 lb
Mmax = 1250 lb*in

Appendix A2:
Finding Permanent Deflection for four-point loading
Permanent Deflection = 0.276 in
Appendix A3:
Finding shear and moment diagram for the base
Vmax = 250lb
Mmax = 1500 lb
Appendix A4:
Finding normal stress, deflection, shear stress, and bending stress
Normal Stress = 83.33 psi
Deflection =0.000117 in
Bending Stress = 750 psi
Shear Stress = 125 psi
Appendix A5–A6:
Finding the volume of the base. Threads are simplified into cylinders to simplify finding the
volume. The base is divided into two sections to simplify the calculations.
Volume =94.02 in^3
Appendix A7:
Finding the total mass of the part to determine if the part fits the requirement of weighing under
10 pounds. The base will be made of 6061 aluminum and 0.0975 lb/in^3 density is used. Also,
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the total cost of the raw stock material for the base of the top and bottom assembly is found by
looking at the prices on Midweststeelsuppy.com.
mb = 9.167 lb
Base Cost Bottom = $73.63
Base Cost Top = $65.03

Appendix A8-A9: Finding the volume of the supports. There is four supports total, two on each
assembled part. Finding the Mass and the cost of the supports.
Vsupport =3.47 in3
Msupport = 0.97 lb
Cost = $14.67
Appendix A10: Finding Volume of the bottom attachment and approximating the volume for top
attachment:
Vbottom attachment = 4.01 in^3
Vtop Attachment = 4.01 in^3
Appendix A11: Finding Mass and Cost of the Attachments
Mbottom attachment = 1.288 in3
Mtop attachment = 1.288 in3
Costtop attachment = $8.85
Costbottom attachment = $8.85
Appendix A12: Determining and approximating total cost and finding the mass for the bottom
assembly and approximating total mass
Cost Total = $255.04
Mass Bottom Fixture = 12.31 lb
Mass Top Fixture = 11.5 lb
Total Mass = 23.81 lb
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3. Method and Construction
Methods
The engineering discipline areas of interest comes from courses such as machining, mechanics of
materials, mechanical design and material science. First and foremost, the initial design of the
project is constrained by requirements such as cost, weight and performance. The initial design
was conceived with the idea that the jig should be light enough to be easily installed onto the
Instron. The initial requirement that the project must weigh under 20 pounds and per assembly as
well as cost less than other readily available 4-point bend jigs was easily met through engineering
analysis of volume, mass and cost (Appendix A5-A11). The analysis on the requirement that the
jig must withstand 1000 pounds of force was performed in Appendix A3-A4. It was discovered
that the normal stress acting on the base would only be about 83.33 psi which is much smaller than
aluminum yield stress of 35,000 psi. Similarly shear stress on the base was 750 psi, which is much
smaller than maximum shear of 30,000 psi. The project will further be optimized to reduce the
weight, the initial idea is that the base of the jig can further be reduced in height to reduce the
weight. More calculations of stress and deflection will need to be performed but realistically the
ASTM standard specimens are so thin (0.05 inches maximum height) that reducing base by
perhaps as much as two times the initial design wouldn’t cause anywhere near the maximum yield
and shear stress on the aluminum base.
3.1 Project Solution
The 4-point bend jig project was planned, analyzed, and designed at Central Washington
University. The project will be constrained to CWU resources and closely follow the
requirements. The parts will be purchased in form of raw stock material and machined following
ASTM standards and requirements.

Construction
3.2 Device Construction
The 4-point bend jig will be assembled from machined parts performed at CWU. The entire
project will consist of 2 assemblies which is the bottom portion of the 4-point jig and the top
portion of the 4-point jig as well as 1 part for the top portion of a 3-point bend jig. The parts will
be obtained from suppliers in form of raw metal and machined to ASTM standards. The first
assembly (Figure 5: 4-Point Bottom Jig) will include the stock body which will secure two 30˚supports to the stock body (secured with screws) as well as a bottom portion which connects to
the stock body and the Instron. The second assembly will follow the same procedure as the first
assembly, but the stock body will be smaller in length.
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3.3 Drawing Tree

(Figure 1 Decision Tree)

3.4 Parts List
4-point bend base Bottom
4-point bend base Top
Supports x 4
Hex Screw x 4
Pins x 2
Instron to Base Attachment Top
Instron to Base Attachment Bottom

The base of the entire jig supports the bottom assembly.
Appendix B3
The Base of the entire jig supports the top assembly
Appendix B4
30˚ Supports with a 0.005 radius. This will bend the
material. Appendix B1
Hex Screws that will attach the supports to the base
Will be used if design 1 is used. Will attach base to the
Attachment point which will secure the bottom jig.
Will secure the top base to the Instron.
Appendix B6
Will secure the bottom base to the Instron by using pins
if initial design is used.
Appendix B2.

3.5 Parts and Assembly
The 4-point bend jig will consist of 2 assemblies, which will be very similar. The bottom
assembly consist of a base (Appendix B3), this acts as the frame of the jig. The base will attach
to the piece which secures the base to the Instron (Appendix B2). The primary design is that the
base and the attachment will be secured with a pin, or the secondary idea for the design is instead
to just weld them together, and have it become a subassembly. The base will also hold two
supports (Appendix B1). The supports will attach to the base with Socket Hex Screws which will
be purchased from McMaster Carr. These will be partial threaded ideally ¼-28 with a total
length of 2 inches. The complete assembly of the bottom jig can be viewed in Appendix B5. The
11

Top assembly will follow the same assembly, but the size of the base and attachment part will be
slightly different to accommodate dimension requirements of the Instron.

Design Issues
Part 1
Some design issues that came up during manufacturing process was modifying the design
because the raw material was a bit larger than the initial design, so in order to save time and not
have to mill 0.5 inches from a 3.5-inch x 14.5 inches. It would be simpler to keep this size and
finish the project first and the perhaps later mill of excessive material if there is time. Another
problem that came up during milling, reducing the length of the steel from 2.5 inches to 2.18
inches on a (2 x 1.25) inch piece took more time than anticipated. The prediction was that it
would take 4 hours, but because of multiple cuts and reducing size by 0.01 inches for each cut
took way longer than expected, about 8 hours. Otherwise the project is moving along and getting
close to finishing 4 parts.
Part 2
Design changes were made for the project in the past 4 weeks. These design changes include the
following: reducing the height of the groove on top base and bottom base from 1 inch to 0.5
inches. Modifying the diameter of the slot hole where the attachment point is inserted from 1.25
inches to 1 inch – the reason for this change is because only one-inch end mills are available, to
make the hole larger a different method would need to be used. This also means that the
attachment point will now need to be turned to about 1 inch instead of 1.25 inches. The last
design modification that occurred because of an issue. Since the A36 steel (Point Bends) material
was hot rolled, it caused a problem when milling a 30-degree angle using a 30-degree angle tool.
This made some angles turn out a bit less or more than 30 degrees, but it shouldn’t be a problem
when the fillet is created. The only problem is that the height of the parts at the longest section
was different, so they had to be milled to the same size of 1.9 inches, which took about an extra 2
hours.

4. Testing Methods
12

4.1-4.3 Introduction, Approach, and Testing
The 4-point jig will be tested. Testing will be done on Instron at Central Washington University
on an Instron machine. The test that will be performed is installing the jig onto the Instron and
performing a bend test on a measured specimen of a known material such as steel or aluminum.
Using the found values of flexural stress and flexural strain to determine the flexural modulus of
elasticity of the specimen and comparing the to the known book value. The testing will follow
the procedure outline in E855.
The 4-point fixture will also need to be weighed on a scale to make sure it does not exceed the
maximum weight of 20 pounds for both assemblies.
Testing
The testing that will be performed includes the following. First weigh in all the pieces to check if
it meets requirement for each part to weigh under 10 pounds. Check if every hole in top and
bottom base can be properly secured with the bending points. There are 12 holes total that need
to be checked. A bending point can be secured with a ¼-28 head cap screw and checked if the
bending point sits flush. This also means that the socket head screw head should also sit flush in
order to secure the point bend to the base. Next securing the attachment that holds the base to the
intron will be checked. The attachment attaches to the base with a pin and must fit and sit flush
for this to work. Same will be done with the Instron and the assembled part. Next the assembled
part will be checked to see if it meets the weight requirement of less than 20 pounds per
assembly. Lastly check if the both assemblies properly secure to the Instron and sit flush.
Testing Update 1
One of the requirements was to make sure that the jig assembly fits within the Instron in Hogue
Hall 127. The test was performed by assembling the parts and attaching both the top and bottom
assemblies onto the Instron with the pins. Both parts that fit onto the Instron were manufactured
to the same length of 1.77 inches (Appendix 2B). Although the bottom piece fit in perfectly onto
the Instron the top piece did not. The reason for this is that the setup with the Instron itself has
two different bolts that attach onto the top and bottom. The one on the top has slightly larger
length on the head of the screw. This means that when the jig is inserted the distance with the pin
is slightly misaligned. This is fixable in two ways. One would be to face of both jig insertions.
Since on the bottom it sits on its middle portion where on top the top face pushes off on the bolt.
The other way would be to just face one of the insertions and label as top and bottom attachment.
Another the requirements were that every component must weigh under 10 pounds, and that each
assembly should weigh under 20 pounds. The first test that was performed was to check the
weight of each component. All eight of the main components that was checked for mass includes
the following and their respective mass: bending point 1: 1.2 lb , bending point 2: 1.2 lb,
bending point: 3: 1.2 lb , bending point 4: 1.2 lb , base top: 10.1 lb , base bottom: 11 lb , jig
attachment bottom: 0.4 lb, jig attachment top: 0.4 lb,. Next the top assembly was assembled with
2 bending points, top base, jig attachment top, 2 pins (ø-0.5 in x 3.5 in), ¼-28 head cap screws
length 2.25 in. The mass was then of the top assembly was then checked and came out with 12.9
lb. Similarly, the bottom assembly was assembled in the same way and the mass was measured
to be: 13.8 lb. The results can also be seen under appendix C.
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Testing Update 2
During the second part of the testing phase for the project, some of the issues that occurred
during testing includes testing for 1000 lbf requirement. As Central Washington University is
currently closed, and the equipment needed for the test includes the Instron machine located
in Hogue Hall. Previously TA Jim Helsius assembled the fixture onto the Instron for the testing
the requirement of size constraint within the Instron. Both assemblies assemble onto the
machine now. Another problem that occurred was to create video and test for the mass
requirement the fixture had to be recovered and further testing had to occur outside of
University.
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5. Cost and Budget
5.1 Suppliers, Cost, and Issues
The project will be managed by first ordering the parts from sources such as
Midweststeelsupply.com. These parts will come as a raw stock material in a form of plates and
bars. The raw stock material will then be machined to the designed parts in drawings in
Appendix B. Some of the parts such as hex screws or pins will be ordered from Mcmaster.com.
These parts will be used to assemble the machined parts to create the 4-point jig. The list of all
the parts and their cost can be seen in appendix D.
The most important part when creating the machined parts is that dimensions must be accurate
and so there is very little to no room for error. A single mistake can make the part useless which
means new stock will have to be ordered and that results in lost time and increases the cost of the
project.
Actual Budget
As of January 7th, 2020, all raw material was purchased. The expected cost of raw material was
$214.5 plus shipping cost. The actual cost of the raw material was $211.27 with shipping
included in this cost. The reason why this price was lower than expected was because when
ordering raw stock in bulk it costs less then the prices shown for individual item. The project
requirement is that it must be less then $600. So far only 2 pins are left to purchase which is
approximated to be around $10 plus shipping. Due to change of the design due to advising from
Matt Burvee, instead of buying hex screws, the design was changed to socket cap screws (1/428). The approximated cost for these screws is about $30 plus shipping.
So far the expected cost of the project is $250-$300. Which is way below the requirement of
under $600.
Budget Cost Issues
For the budget there was not much issue when it came down to meeting the cost requirement for
the project. Majority of the research was done before ordering the parts and a rough estimate was
made for the cost. It was previously predicted that the cost of the project was going to be
between $250-$300 dollars. With an estimated guess of $251.27, the project came out to be at
$241.36 which is even cheaper than the estimate. The reason for this is because some ordered
parts were identical, and when ordering in ‘bulk’ from Mid-West Steel Supply meant that there
were discounts on those parts, and they came out cheaper then initially expected.
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6. Schedule
6.1 Tasks, Deliverables, And Total Project Time
The first task is to order raw stock for the project early, so that they are available for winter
quarter. The stock will be ordered in early December. Next five parts must be machined by the
end of week three in winter quarter. The project consists of eight parts totals excluding the socket
hex screws and pins. This means that majority of the project shall be completed very early, this
will help reduce the load later in the quarter or if some issues arise this can be resolved earlier
rather than later. By week five 70% of the project must be completed which should not be a
problem if 5/8 parts are made in week 3. This means that this means that only 1 part needs to be
made to reach that requirement. By week 7, the entire project shall be completed and assembled.
To fulfil the deadline requirement for the project listed above the parts that shall be completed by
end of following weeks is listed in Appendix E.
The total time to complete the project is estimated to be 160.5 hours. This estimation is done
from the Gantt chart in Appendix E for quarter 1 which took 53.5 hours to complete.
Scheduling Issues
Scheduling issues that occurred during manufacturing phase of the project include the following:
estimating times for manufacturing parts vs making the parts can be completely different. For
example, when making the first four parts it was estimated that it would take about 2 hours to
make each part, when in fact it took nearly 7 hours per part. The main reason for this is because
of changes made as well as reducing the length of the part from 2.5 to 2.18 inches with several
passes and only .01 inches taken of per pass. This results in the part taking much longer to make
than expected. Other scheduling issues that arose, include expecting to start making one part, but
then due to complications a different part had to be made first. For example, the initial design of
the base had a hole designed to 1.27 inches in diameter so that a 1.25 base attachment could fit
inside. This had to be changed because making a hole of that size requires learning new
techniques, so instead the hole was changed to 1.00 inch, this means that the base attachment
now had to be turned by about .26-.27 inches more to fit inside, this takes more time then the
initial design.
During the spring quarter, some scheduling issues that occurred for the project are mostly related
to COVID19, as the University was closed during this time. One of the issues with this is
performing the necessary tests for the project, which includes testing the requirement for the
1000 lbf. In order to perform this test, the Instron machine is required which is located at CWU.
To perform other tests and take videos and pictures of the project, the project had to be recovered
from the University by contacting Professor Pringle and allotting the time to make the drive from
western WA.
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7. Project Management
7.1 Resources
The most important resource is the person working on this project, so safety is number one
priority. Safety of others is just as important as the safety of the engineer that is why it is
important to be aware of dangers and surroundings so they can be avoided. Other resources
include the following mentors: Doctor Johnson, Matt Burvee, Professor Pringle, Professor Choi,
Jim Helsius, Ted Bramble and the Central Washington University resources of staff and
equipment. This equipment includes computer labs and classrooms where the project is designed,
analyzed, modified, and built. Other important resources include SolidWorks, Microsoft Word,
Microsoft Excel, and Machining lab that are made available by CWU. The 4-point bend fixture
project will be funded by engineering student. With all the available resources available, the
project will be successful.
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8. Discussion
8.1 Design Evolution
The proposal for the project was introduced during week 1 of Fall Quarter. The initial design
started out as depicted under Design and Analysis. The initial design was going to be made
entirely out of steel, but Dr. Johnson suggested that the base could be made from aluminum to
make it lighter. During week four of quarter one the design was modified again (Appendix B5).
The base of the project was modified with constrained walls on the sides. This was done with the
idea that the when assembling the supports to the base they would be kept perfectly aligned at a
90-degree angle. Another thing that was modified was the supports, or more specifically how
they attach to the base, it was decided that it would be best to secure them with a socket hex
screw. The supports were also modified to fit the ASTM standards, the change that was made
was to put 0.005-inch radius fillet on top which will bend the material. The attachment was also
modified to be made out aluminum, so the only part that will be steel is the supports that will
bend the material.
8.2 Project Risk Analysis
The two most important risks to consider is project management and schedule. The project is
constrained to be completed in 10 weeks during winter quarter, this means that there is very little
room for error when machining the parts. Mistakes will not only waste a lot of time but also
increase the costs substantially. Some of the risks will include, making proper analysis, taking
correct measurement so that the fixture can be assembled and attach to the Instron, Machining
correct parts, taking relevant data during testing, and doing correct research to extend the
knowledge and expertise on the project. The project will be successful if the outlined schedule in
Appendix E is followed. As well as understanding risk analysis and planning with proper task to
take during designing and machining of parts. Also, following the safety outlined in Appendix J
will also mean the project can be done safely.
Manufacturing Issues/Modifications
There were several issues that occurred for the manufacturing phase of the project in the first half
of the project. The first big issue that occurred was that the design had to be slightly altered
become the raw stock material is slightly larger than that for which was designed. The 4 points
that bend the material were designed for a width of 1.00 inch, but the stock material was 1.25
inches, because of this it was discussed with advisor Matt Burvee that it would be better to just
keep the material at 1.25 inches to save time. The design for the length of the material was 2.18
inches, this had to be machined down from a length of 2.5 inches for raw stock. The issue that
occurred here is that because the material is A36 steel it took quite a bit of time to do this. The
main reason is because on the mill only 0.01 inch could be removed at a time, as well as 2 passes
had to be made for each length reduction. It was predicted that this would take 4 hours, but it
took more like 8 hours. Similarly making the 30-degree angle cut had the same issue, instead of
predicted 2 hours, it took more like 4 hours. Since it took more time than expected the project
fell a bit behind schedule. For the following week it is expected to bring in 50% of the finished
parts. This may not be a problem since there is only 8 total parts, and four are nearly done.
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During the second half of manufacturing the project some of the issues that occurred was mostly
human error. For one of the cylindrical parts, the diameter has a very tight tolerance of 1.24 in
+/- 0.003 in or so. Initially the part was turned to a diameter of 1.25 in, but it couldn’t fit into the
Instron. So about .01 in had to be taken of to be within tolerance. In the process of doing so
something must have gone wrong when touching of the zero from the side of the cylinder
because instead of the material being 1.25 in it went all the way down to 1.215 in. This must
have happened because of some human error when setting up the part. So, what happens when
this diameter cylinder is inserted into the Instron without a tight fit, it wobbles around side to
side. In order to fix this problem, the first solution was to use knurling. This only added about
.005 inches to the diameter although it helped it was still nowhere near the desired diameter. The
next step that was taken to resolve this issue was to take an electrical tape and wrap it around to
increase the diameter. This increased the diameter to about 1.238 which is in desired range.
Although it is not perfect it works.
Aspects of Testing
The project was a success. It meets the first requirement of the ability to be installed onto the
Instron. Although some dimension tolerances could be improved, such as reducing the height of
the cylinder that attaches to the Instron, as this will allow the pin to slide in easier (Appendix B).
The total cost of the project came to be $241.36 which easily met the requirement of $600
dollars. Most four-point flexure fixtures are around $700-$1000 dollars. In order to easily install
the fixture each assembly had to be under 20 pounds. This requirement was also met with the
bottom assembly having a mass of 13.8 lbm and the top assembly of 12.9 lbm.
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Conclusion
The 4-point bend fixture will be a successful project because the engineer has the resources
readily available through Central Washington University. Mentors including Doctor Johnson,
Professor Pringle and Professor Choi will guide him along the path to success. As well as the
expertise developed throughout the time of coursework to make this project possible. The fixture
will meet all the requirements through design and engineering analysis. The engineering analysis
performed on the fixture contributes to meeting the requirements of cost, mass, dimensions, and
structural integrity for the project to be successful. The 4-point bend fixture will fit onto the
Instron and be ready to take measurements of 6 aluminum specimens.
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(Appendix 4A: Fining Normal, Bending Shear Stress, and Deflection)
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(Appendix 5A: Determining Volume for Aluminum Base)
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(Appendix 6A: Base Volume Continued)
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(Appendix 7A: Finding Base Mass)
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(Appendix 8A: Support Volume)
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(Appendix 9A: Support Mass and Cost
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(Appendix 10A: Attachment Volume)
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(Appendix 11A: Mass and Cost of Attachments)
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(Appendix 12A: Total Cost of Materials)
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Appendix B: Drawings

(Appendix B1: .005 in point bend)

35

(Appendix B2: Instron to jig attachment)

36

(Appendix B3: Bottom Frame)
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(Appendix B4: Top Frame)
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(Appendix B5: Bottom Assembly)
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(Appendix B6: Top Assembly)
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(Appendix B7: Top and Bottom Assembly)
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Appendix C and D: Parts List and Budget
Parts List and Budget
Part
4-point bend base Bottom
4-point bend base Top
4 x Supports
Instron to Base Attachment Top
Instron to Base Attachment Bottom
Dowel Pin
Socket Head-Stainless Steel
Socket Head-Black Oxide Alloy Steel

Ordering Part
(14.5 x 3.25 x 3.25)in Aluminum Plate
(12.5 x 3.25 x 3.25)in Aluminum Plate
(2.5 x 2.0 x 1.25)in Steel Plate
(ø1.625 x 3.3)in Aluminum Bar
(ø1.625 x 3.3)in Aluminum Bar
4140 Alloy Steel, 1/2" dia, 3-1/4 L, x(5 pack)
1/4-28, 2-1/2 L, x (10 per pack)
1/4-28, 2-1/4 L, x (25 per pack)
Total Cost

Cost
$ 73.63
$ 65.03
$ 58.14
$ 8.85
$ 8.85
$ 10.12
$ 5.86
$ 10.88
$ 241.36
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Appendix E: Schedule
Task Dates
•
•
•
•
•
•
•
•

Week 1: Machine Base Bottom
Week 2: Machine 2 Supports
Week 3: Machine 2 Supports
Week 4: Begin Machining Top Base
Week 5: Finish Machine Bottom Base, Begin Machining Attachment Bottom
Week 6: Finish Attachment Bottom, Start Machining Attachment Top
Week 7: Finish Machine Attachment Top, Assemble Project
Week 8: Machine Single Support for 3-Point Bend
(Appendix E1 Tasks Dates)
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EXAMPLE SCHEDULE FOR SENIOR PROJECT:
NOTE: STUDENTS MUST MAKE THEIR OWN SCHEDULE!!!!!!!!!!!!!
PROJECT TITLE: 4-Point Bend Fixture
Principal Investigator: Nikolay Bobritskiy
Duration
TASK: Description
Est.
Actual %Comp.
S October
November Dec
ID
(hrs)
(hrs)
1
1a
1b
1c
1d
1e
1f
1g
1h
1i

2
2a
2b
2c
2d
2e
2f
2g
2h
2i
2j
2k
2l

3
3a
3b
3c
3d
3e
3f
3g
3l
3m

7
7a
7b
7c
7d
7e
7f
7g
7h
7i

9

Proposal*
Outline
Intro
Methods
Analysis
Discussion
Parts and Budget
Drawings
Schedule
Summary & Appx
subtotal:

2
3
5
11.5
7
4
8.5
4
4
49

3
3
4
13
2
3
11.5
4
10
53.5

Analyses
Shear/Moment Spec
Permanenet Defelction
Shear/Moment Base
Stress on Base
Volume Base
Volume Base 2
Mass/Cost Base
Volume Support
Mass/Cost Support
Volume Attach
Mass/Cost Attach
Total Cost
subtotal:

0.5
1
0.5
0.5
1
1
1
1.5
1
1.5
1
1
11.5

0.5
1
0.5
1
2
1
1
1.5
1
1.5
1
1
13

subtotal:

1
1
1
1
1
1
0.5
1
1
8.5

3
1
2
1
1
1
0.5
1
1
11.5

Part Construction
Buy Parts
Part: Point Bend 1
Part: Point Bend 2
Part: Point Bend 3
Part: Point Bend 4
Part: Instron Attachment 1
Part: Instron attachment 2
Part: Top Base
Part: Bottom Base
subtotal:

1
2
2
2
2
4
4
4
4
25

2
6.2
6.2
6.2
6.2
3
3
10
7
49.8

subtotal:

0.1
0.1
0.1
0.3

0.1
0.1
0.1
0.3

Device Evaluation
List Parameters
Design Test&Scope
Obtain resources
Make test sheets
Plan analyses
Test Plan*
Perform Evaluation
Take Testing Pics
Update Website
subtotal:

1
2
5
1
1
2
1
0.1
10
23.1

0.1
3
5
0.2
0.5
6.5
0.5
0.1
3
18.9

2
30
8
2
4
1
1
2

2
30
8
2
4
1
1
2

50

50

167.4

197

Documentation
Support
Attach Bottom
Base Bottom
Base Top
Assembly Bottom
Attach Top
Assembly Top
ANSIY14.5 Compl
Make Object Files

Device Construct
9a Assemble Bottom
9b Assemble Top
9c Fix onto Instron

10
10a
10b
10c
10d
10e
10f
10g
10h
10i
10j
11
11a
11b
11c
11d
11e
11f
11e
11f
11g

495 Deliverables
Get Report Guide
Make Rep Outline
Write Report
Make Slide Outline
Create Presentation
Make CD Deliv. List
Write 495 CD parts
Update Website
Project CD*
subtotal:

Labor$ Total Est. Hours=

X
X X X

Note: March x Finals
Note: June x Presentation
Note: June y-z Spr Finals

January

February

March

April

May

June

Started on time eneded on time
Started on time ended on time
Started on time ended late
Started late ended on time
started late ended on late
Started on time ended time
Started on time not ended
Started late ended late
Started time ended on time

Started
Started
Started
Started
Started
Started
Started
Started
Started
Started
Started
Started

on
on
on
on
on
on
on
on
on
on
on
on

time
time
time
time
time
time
time
time
time
time
time
time

ended
ended
ended
ended
ended
ended
ended
ended
ended
ended
ended
ended

on time
on time
on time
on time
late
late
on time
on time
late
late
late
late

Started
Started
Started
Started
Started

on
on
on
on
on

time
time
time
time
time

ended
ended
ended
ended
ended

on time
late
late
late
late

Started on time, finished on time
Started on time, finished on time

=Total Actual Hrs

(Appendix E2: Gantt Chart)
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Appendix F: Expertise and Resources
Senior project was designed, analyzed, manufactured, and tested at Central Washington
University during 2020 as a Senior Student.
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Appendix G: Test Report
Introduction
The requirements and design of the project will follow ASTM standard for a 4-point jig. Along
with the following requirements
•
•

Each component weight under 10 pounds
Part assembly less than 20 pounds

The parameter of interest for mass of the parts and assembly is to maintain a light jig for a person
to install onto the Instron without much effort. The predicted value is that each assembly is
around 12-pound mass and heaviest part around 10-pound mass. The data will be collected using
a mass scale.
•

Cost under $600

The total cost of the project is $241.36 which is well under $600 requirement.
•

Size constraint within the Instron

The parameter of interest for size constraint is that the assembly can be assembled and fit onto
the Instron in a timely fashion of 5 minutes. The predicted value is that both assemblies can be
assembled and fit onto the Instron in around 3 minutes. The data will be collected by having both
assemblies unassembled and timed with a stopwatch for how long it takes to assemble both
fixtures.
•

Withstand 1000 pounds of force

The parameter of interest is to check if the jig can withstand 1000 pound of force (maximum
Instron force) without any damage. The aluminum jig is most likely to fail at the attachment part
of the Instron where it is held just above the pin. The predicted value is around 31000 pounds of
force from stress/area calculation.

Method/Approach
The testing predictions is that the jig is easy to lift and install for a single person, the entire
assembly assembles without any issues, and can withstand at least 1000 pounds of force to
perform the four-point bend test. The calculated parameters are mass, time to assemble the jig,
and withstand a load of 1000 pounds of force. The mass scale will have an accuracy of +/- 0.1
pounds. The time will be measured with human error with a +/- 1 second. To measure if the jig
can withstand 1000 pounds of force an object will need to be placed in between that can
withstand 1000 pounds and tested on the Instron to +/- 1 lbf. The tools/resources that will be
needed to perform the requirement test are a mass scale, stopwatch, Instron, L-key 3/16, 4 pins,
and two jig assemblies consisting of base, 2 contact points, and cylindrical attachment. The data
will be recorded with videos or pictures. The numerical data will be recorded into data tables
46

where it will be stored and analyzed. Some operational limitations such as using the Instron
might not be available to perform as the University is closed for spring quarter.

Test Procedure
Summary
•

Duration for Setup: The entire setup can take between 5-10 minutes, Time to complete
test an additional 2-3 minutes.

•

Place: Hogue 120

•

Resources: Instron Machine, Hex L-key 3/16, 4x (¼-28 thread, 2-1/4 length socket head
screw). Mass Scale.

•

Risk, Safety: The entire assembly is around 20-30 lbs. That is why one should be careful
when attaching it to the Instron. Securing all the parts properly is a must. Otherwise the
device could fall and cause injury or damage the machine.

•

Discussion: During the Initial setup it turned out that the bottom base of the Instron and
top base of the Instron where the assembly is attached has slight variation in height
(Figure 3). This is because the bolt head height is different which attaches the on the
Instron itself. When inserting the cylindrical part (Figure 2) into the bottom base (Figure
3) of the Instron and putting in the pin produces good results, it sits perfectly, but taking
the same cylindrical piece an inserting it onto the top section of the Instron base causes it
to stick out more, so the pin cannot be inserted. This means that either one of the twocylinder heights must be faced slightly more, or both must be faced slightly.

•

Setup
Note: Figure 4 provides how the entire assembly should look like attached to the Instron.
The shorter base goes on top, and the longer base on the bottom.
1. Use 3/16 L-hex key to and ¼-28 thread, 2-1/4 length socket head screw to attach
bending point to the base in desired location. The longest length of the bending
point facing inward (Figure 1).
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L-Hex Key
Socket Head
Base

Point
Bend

Figure 1: Base and Bending points assembly

2. Attach the cylindrical part with the largest diameter side onto the Instron with a
short pin. (Figure 2 and 3)

Cylindrical
Part
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Figure 2: Cylindrical Part

Instron
Base

Figure 3: Instron Base Bottom

3. Attach the base onto the cylindrical part that was inserted in step 2 using a 0.5 in
diameter pin with a length of 3-1/4 in Should look similar to Figure 4 but with
pins and inside the Instron.
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Figure 4: Base attached to the cylindrical part.
4. Perform the 4-point bend test at 1000 pounds force load limit
5. Disassemble
6. Weigh individual parts on the mass scale
Deliverables
In conclusion the project can be assembled quickly and single handedly, it is easy to assemble
and install onto the Instron. The top base and bottom base did not meet the requirement of being
under 10 lb, but the entire assembly did meet the requirement of 20 lb. The time to assemble both
fixtures took 3.2 minutes. Testing for 1000lbf cannot be completed as CWU is closed.
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Report Appendix
Appendix G1: Procedure Checklist
•
•
•
•
•
•

L-hex key 3/16
4 pins ø-0.5 in, 3.5 in length
4 hex cap screws ¼-28, 2.25 in length
Stopwatch
Mass Scale in lb
Instron
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Appendix G2: Data Sheet
Data Form
Part
Top Assembly
Bottom Assembly
Top Base
Bottom Base
Bending Points
Cylinders

Mass

Assembly Time
Withstand 1000 lbf (Yes/No)
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Appendix G3: Raw Data
Parameter Values:
Part
Top Assembly
Bottom Assembly
Top Base
Bottom Base
Bending Points
Cylinders

Mass
13.8 lb
12.9 lb
11.0 lb
10.1 lb
1.2 lb each
0.4 lb each

Assembly Time
Withstand 1000 lbf (Yes/No)

3.2 minutes
-

Calculated Values:
Part
Top Assembly
Bottom Assembly
Top Base
Bottom Base
Bending Points
Cylinders

Mass
12.31 lb
12.31 lb
9.17 lb
9.17 lb
0.97 lb each
1.12 lb each

Assembly Time
Withstand 1000 lbf (Yes/No)

Success Criteria Values:
Top Assembly
Bottom Assembly
Top Base
Bottom Base
Bending Points
Cylinders
Assembly Time
Withstand 1000 lbf (Yes/No)

3 minutes
-

20 lb
20 lb
10 lb
10 lb
10 lb
10 lb
5 minutes
-

Success
Success
Fail
Fail
Success
Success
Success
-
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Appendix H: Resume
Nikolay Bobritskiy
2214 119 Ave SE, Lake Stevens, Washington 98258
Cell: 425-322-9828
Email: Nikolay_5@yahoo.com
th

OBJECTIVE: Pursuing Bachelor of Science in Mechanical Engineering and Technology and working
towards mechanical engineering 1 position.
EDUCATION:
Everett Community College, Everett, WA
Associate of Science in Engineering (Graduated 2018)
Central Washington University, Ellensburg, WA
Bachelor of Science – MET (Expected Graduation June 2020)
PROJECTS:
Balsa Bridge Wood Project
• Built Balsa Wooden Bridge for class competition
• Explored Strongest bridge structures
Electronic Robot
• Built Robot using Arduino board and MATLAB for self-driving robot to place medicine boxes in
rooms specific rooms
• Won 1st place for most effective robot.
Electric Motor
• Made small electric motor and measured its efficiency for class project/presentation.
WORK EXPERIENCE
Sharp Electric - Electric Apprentice: Everett WA (Summer 2016)
VOLUNTEER EXPERIENCE
• Helped clean high school campus
• Volunteered at Snohomish Library
• Helped teach Tae Kwon Do Class
• During elections helped Representative Hans Dunshee
o Make posters for school campus
o Hand out flyers
COMPUTER SKILLS
• Proficient with Microsoft Word, Power Point, Excel
• Experience with SOLIDWORKS and AutoCAD
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Appendix J: Safety
Safety Procedure
The safety procedure of operating and performing a 4-point bend test requires the user to
wear safety goggles, and perhaps steel toed boots. Although a 4-point bend test is not very
dangerous to perform, safety goggles should still be used as a precaution in the lab. The steel
toed shoes should be used in case an operator drops the part or something else while installing it
onto the Instron.
Designing the part Safety
For design of the 4-point bend same rules apply to the safety procedure. One must always
wear goggles and steel toed shoes. As well as hearing protection if operating loud machinery.
Majority of the project will require to operate the mill, CNC, and drills which can all release
metallic fragments that can be dangerous to the eye. Steel toed shoes are required in case the
operator drops the material.

JOB HAZARD ANALYSIS
Prepared by: Nikolay Bobritskiy

Reviewed by:
Approved by:

Location of Task:

Machine Shop

Required Equipment
/ Training for Task:

Safety Goggles, Appropriate Footwear, Hearing Protection

Reference Materials
as appropriate:

Personal Protective Equipment (PPE) Required
(Check the box for required PPE and list any additional/specific PPE to be used in “Controls” section)

Gloves

Dust Mask

Eye
Protection

Welding
Mask

Appropriate
Footwear

Hearing
Protection

Protective
Clothing

Use of any respiratory protective device beyond a filtering facepiece respirator (dust mask) is voluntary
by the user.
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PICTURES
(if
applicable)

TASK DESCRIPTION
Drilling

HAZARDS

Eye injury
from metal
debris
Injury caused
by breaking
the bit

Milling

Turning

Facing

CONTROLS

Wear eye protection. Do
not use compressed air.
Feed with the appropriate
pressure. Use the
appropriate bit for the
type of metal. Wear eye
protection.
Wear safety glasses during
operation

Possible eye
injury from
wire stitches
thrown out by
milling blade
Injury to hands Never disconnect safety
Shields
Possible eye
injury from
Wear safety glasses during
wire stitches operation.
thrown out
Injury to hands Never disconnect safety
Shields
Possible eye
injury from
Wear safety glasses during
wire stitches operation.
thrown out

(Figure 12: Safety Chart)
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